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Research  and  Development  of  Laser  Glasses  in  China 

Gan  F  ux i 

Shanghai  Institute  of  Optics  and  Fine  Mechanics 
Chinese  Academy  of  Sciences 

ABSTRACT 

Most  of  the  research  on  laser  glasses  in  China  is 
carr i ed  out  at  Shanghai  Institute  of  Optics  and  Fine 
Mechanics,  and  significant  achievements  have  been  made 
since  1962.  A  review  of  the  current  status  of  development  of 
laser  glasses  is  presented,  including  chemical  compositions 
and  physical  properties,  manufactur i ng  technology, 
measurement  and  inspection,  and  some  fundamental  research. 

In  the  early  years  of  the  60s,  laser  output  was 
obtained  from  Nd-doped  silicate,  borate,  phosphate  glasses. 
We  made  great  efforts  to  develop  various  Nd-doped  silicate 
glasses  for  different  laser  devices  and  to  improve  their 
performance.  In  recent  years  development  of  phosphate  and 
f 1 uophosphate  glasses  has  been  emphasized.  Several  Nd- 
doped  glasses  have  been  produced  commerc ia 1 l y.  The 
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spectroscop i c ,  physical,  and  laser  properties  of  Nd-doped 
glasses  are  listed  in  the  appendix  of  this  paper. 

We  paid  more  attention  to  develop  a  melting  process  for 
making  laser  glass  and  a  protective  gas  environment  melting 
apparatus  was  built.  Large  silicate  glass  rods  of  up  to  7  cm 
in  diameter  and  150  cm  long,  and  phosphate  glass  discs  of  up 
to  30  cm  in  diameter  have  been  obtained. 

Various  methods  for  measuring  different  kinds  of 
physical  properties  of  laser  glasses  also  have  been 
investigated  and  the  correspond i ng  apparatus  have  been 
installed.  Emphasis  is  laid  on  the  inspection  of  optical 
quality  of  large  size  glass  products,  and  a  laser- 
holographic  interferometer  for  optical  homogeneity 
measurement  has  been  developed. 

This  paper  also  reports  some  fundamental  research 
results  on  laser  glasses.  By  using  laser  glass  spectroscopy, 
the  special  properties  and  structural  state  of  rare  earth 
ions  in  inorganic  glasses  were  investigated  before.  The  study 
of  spectral  and  luminescent  properties  of  Nd-doped  glasses 
was  emphasized.  Further  detailed  studies  of  the  influence  of 
the  glass  bases  on  spectral  properties  of  Nd  ion  and  the  energy 
transfer  process  of  Nd  ions  in  glasses  were  made.  We 
systematically  investigated  the  intense  laser  induced 
damage,  thermal  blooming,  and  self-focusing  in  glass  media. 
Various  equipment  for  measuring  non-linear  refractive  index 


of  glasses  and  a  new  calculation  method  with  accuracy  were 
developed. 


Since  the  invention  of  the  first  ruby  laser  device  in 
the  beginning  of  the  60s,  glass  research  personnel  of  China 
began  to  study  the  possibility  of  generating  laser  beams  in 
glass  mater ial ^ .  Snitzer  was  the  first  person  who 
reported  that  laser  beams  can  be  produced  in  Nd-doped 
silicate  glasses1  J.  One  year  later  (1963)  China  also 
obtained  laser  output  in  Nd-doped  silicate  glasses^3-!.  In 
the  next  year  a  1 00- joule  energy  output  with  a  total 
efficiency  of  17.  was  obtained  in  a  glass  rod  of  016x500  mm. 
The  generation  of  the  secondary  harmonic  waves  and  the 
spectral  result  were  also  reported  in  the  same  year*-5-^. 

Until  1966  the  Nd-glass  devices  had  obtained  an  energy 
output  of  about  several  thousand  joules  and  a  power  output 
of  several  hundred  million  watts.  This  was  close  to  the  most 
advanced  level  in  the  world^6^.  China  is  also  among  the 
countries  who  obtained  laser  beams i n  borate  and  phosphate 
ear  1 i er  (  1965) . 

All  the  solid-state  high  energy  and  high  power  laser 
devices  use  domestic  glasses.  Some  types  of  the  Nd-glass 
were  already  standardized  and  have  entered  the  stage  of 
pilot  plant  production.  These  products  are  now  supplied  to 
about  one  hundred  factories  and  research  institutes.  The 
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economic  results  are  quite  good^7^. 

The  following  is  a  summary  of  the  work  carried  out  in 
recent  years. 

1.  DEVELOPMENT  OF  ND-DOPED  LASER  GLASSES 

The  early  Nd-doped  laser  glasses  were  all  made  according 
to  the  composition  reported  by  Snitzer,  and  barium  crown 
glass  was  used  as  a  base.  But  such  type  of  glass  has  poorer 
chemical  stability  and  poorer  resistance  against 
transparancy  loss.  We  changed  the  glass  composition  and 
therefore  improved  the  physical  and  chemical  properties  of 
the  glasses.  Based  on  such  work  we  made  the  first  Nd- laser 
glass,  that  is  the  type- 1  (Ngj)  glass,  in  China.  This  glass 
met  the  requirement  of  the  development  of  China's  own  Nd- 
laser  devices  before  1966.  Type-1  glass  has  shortages  such 
as  high  processing  temperature  and  large  heat  expansion 
coefficient.  Therefore  a  series  of  crown  and  borate  crown 
glasses  were  chosen  and  their  opt i ca 1 -emi ss ion  and  lasing 
properties  after  Nd-doping  were  tested.  Finally  a  Nd-glass 
with  Na^O-CaO-S iOg  (a  hard  crown  glass)  as  the  base  was 
chosenand  defined  as  type-3  (Ng^).  Experiments  have  proved 
that  it  has  better  processing  properties,  higher  chemical 
stabilities,  abd  higher  mechanical  strength  than  type-1.  Now 
it  has  become  the  most  mature  type  of  Nd-doped  silicate 
glass  in  China.  The  products  of  this  glass,  with  large  sizes 


and  high  quality,  can  be  produced  in  both  Pt  and  ceramic 
crucibles. 

In  order  to  improve  the  ability  against  laser  damage 
(multi-pulse  and  high  energy)  and  the  lifetime  of 
luminescence  of  opt ical -emi ss i on,  and  to  store  more 
energy  in  the  multi-stage  travel ing  wave  amplifier  (long 
duration  Xe  light  pumping),  systematic  studies  of  the  glass 
composition  adjustment  and  glass  property  improvement  such 
as  decreasing  the  heat  expansion  coefficient,  raising  the 
Young's  modulus,  increasing  the  mechanical  strength,  and 
improving  the  heat  stability  were  carried  out.  We  have 
investigated  the  composition  selection  of  high  SiO^  silicate 
glasses,  the  properties  of  type-4  (Nq4)  Nd-doped  glasses 
(Si02>807.)  and  Nd-doped  high  SiOg  glasses  (Si02>90  ),  and 
also  the  composition  selection  of  Nd-doped  borate-s i 1 i cate 
glasses  (R20-B202-Si02) ,  that  is,  the  type-6  (NQ(.)  glasses. 

These  types  of  glasses  have  good  heat-  and  shock-resistance, 
and  also  have  good  resistance  against  1 aser- i nduced  damage. 
Because  it  was  necessary  to  overcome  the  processing  difficulties 
such  as  the  requirement  for  high  temperature  melting 
equipment  and  high  temperature  crucible  materials,  and  also 
because  it  is  difficult  to  obtain  good  optical  properties, 
the  production  scale  of  these  glasses  was  not  enlarged. 

Type-7  (Ng^)  Nd-doped  glass  is  a  glass  with  K^O-SiC^  as  a 
base  and  the  concentration  of  SiO-  is  807,,  the  fluorescence 


lifetime  of  this  material  can  reach  800  us,  and  the  device 


has  small  suoei — radiation  (fluorescence) ,  and  good 
orientation  character i st i cs  of  output.  But  Decause  the 
excitation  emission  cross-section  area  of  this  glass  is 
smaller,  therefore  the  efficiency  of  the  multi-pulse 
oscillator  using  such  glass  is  relatively  low.  Tne 
processing  properties  of  this  glass  are  suitaoie  for  tne 
melting  process  using  a  ceramic  cruciDle,  and  large  size 
glass  rods  with  good  ODticat  properties  nave  been  obtained. 

Tne  i nnomogenei ty  of  optical  pumping  will  lead  to  heating 
deformation  of  Nd-oopeo  glass  rods,  and  tnerefore  the 
orientation  cnaracter i st i cs  of  output  will  De  degraded  by  the 
deformation  of  tne  optical  routes.  According  to  tne 
exoeri mental  results,  the  decrease  of  refractive  index  p  and 
tne  heat-ootlcai  coefficients  P,  Q,  and  W  wi i i  depress  this 
deformation.  Based  on  our  investigation  of  tne  relation 
oetween  neat-ooticai  coefficients  and  glass  comoos i t i ons ,  we 
improved  tne  compositions  of  type- l  and  type-2  Nd-doped 


glasses,  prepared  ana  determined  tne  new  type-8  (NnCl)  and 

Uo 

type-9  ,NQy)  Nd-dopeo  glasses.  Tne  neat-optical  coefficients  Pf-Sl 
were  ooviousiy  depressed.  A  prominent  problem  for  applying 


Nd-dooed  glasses  to  high  repetition  rate  devices  is  neat 


cracking.  In  order  to  improve  tne  resistance  against  neat 


cracking,  we  prepared  tyoe-10  (N0lo)  Nd-dooed  glass.  The 
surface  chemical  processing  with  an  ion-exchanae  method  can 


form  prestressing  and  therefore  raise  the  mechanical 
strength  of  this  glass.  Therefore  this  glass  can  meet  the 
requirement  of  devices  with  a  repetition  rate  of  1-5  per 
second. 

The  spectral,  laser,  physical,  and  chemical  properties 
of  Nd-doped  silicate  glasses  studied  by  us  in  the  first  10 
years  are  listed  in  the  appendix.  Five  of  them  (N^,  nq7» 

*^08’  N09’  *^010^  have  reached  a  100-liter  production  scale. 

These  Nd-doped  silicate  glasses  are  included  in  the  main 
commercial  Nd-doped  glasses  in  international  markets. 

The  development  of  Nd-doped  laser  glasses  in  the  second 
10  years  was  mainly  for  meeting  the  requirement  of  high 
power  solid  state  laser  devices.  The  short-pulse  high-power 
laser  led  to  the  fact  that  the  damage  of  laser  materials  is 
mainly  the  non- 1 i near  optical  effects  such  as  the  self- 
focusing.  electrical  attraction  and  expansion,  et  cetera. 

The  main  method  to  improve  the  resistance  of  laser  glasses 
against  laser  damage  is  to  lower  the  non-linear  refractive 
indices  of  the  glasses.  With  the  shortened  duration  of 
optical  pumping,  it  is  required  to  raise  the  excitation 
emission  cross-section  area  of  the  laser  glasses  and 
therefore  to  improve  the  laser  amplification.  Phosphate  and 
f 1 uophosphate  glasses  can  meet  the  above  requirement. 
Furthermore,  they  have  lower  heat-optical  coefficients  than 
silicate  glasses  and  therefore  can  improve  the  heat  deformation 


by  opt i ca 1  pump i ng . 


method  was  Introduced,  two  new  types  of  Nd-doped  phosphate 

glasses  N^j  and  N24  have  been  prepared^ ^ j  Nd-doped 
glass  can  be  processed  into  glass  rods  of  70  mm  in  diameter 
and  discs  of  300  mm  in  diameter.  FI  uophosphate  glasses  have 
lower  non-linear  refractive  indices,  lower  heat-optical 
coefficients,  and  higher  quantum  efficiencies  of  optical 
emission  than  phosphate  glasses.  But  because  this  type  of 
glasses  is  easy  to  produce, crystal  segregation  can  be 


easily  contaminated  by  platinum,  and  it  is  easy  to  have 
selective  evaporation  of  glass  composition  in  the 
process  ing^-  1  ^  .  T  herefore  although  the  types  of  Nd-doped 
fl uophosphate  glasses  were  determined,  but  they  have  not 
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obtained  practical  applications  yet.  The  spectral,  laser, 
physical,  and  chemical  properties  are  listed  in  table  1. 
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Table  1.  Properties  of  Nd-doped  phosphate  and  f 1 uophosphate 
glasses 


No, 

&  K 

*»&** " 

ft**  i 

■  LFP 

Njiu 

N,4U 

2%NdA 

1. 

1.054 

1.05; 

1.053  ' 

2. 

******  <A)  y 

265 

255 

262  - 

8. 

***♦  <««••)  i 

350 

310 

405  - 

4. 

(xl0-»M*s>  ' 

3.5 

4.0 

2.838 

6. 

0.52 

0.52 

0.51 

e. 

l.06tfnfME$ft  , 

(xio-*M*-i)) 

1.5 

1.5 

>5 - 

7. 

*****  , .. 
(46x130**)  ' 

1.8 

1.5 

<1  _ 

8. 

**«t i&K*d) . ' 

10541.39 

— 

10532.05  _ 

9. 

******  (A),.: 

34 

— 

21  _ 

10. 

**  (*/***> , ; 

3.38 

2.95  j 

3.52 

11. 

frW* 

1.574 

1.54.' 

1 .4805 

64.5 

66.6 

83.9 

IS. 

***:*»  »i 
(XlO-7,  *C->) 

117 

156 

157 

14. 

#r§ * 

(XlO-7,  *C->)  ’ 

-53 

— 

-79 

IS. 

( x  10~7,  *C-i) 

7.1 

— 

-10 

16. 

7 

— 

7 

•  — « 

( x  10**,  ‘C*1) ;  / 

17. 

KtflJ****  ’ 
(10-1,  -c-J) 

4 

— 

3 

18. 

****(*0)  i 

510 

370 

420 

18. 

*****  co  :■ : 

535 

410 

465 

20. 

**** 

(-?£/***> 

5550 

537y 

8259 

21. 

is tnmt/iff 

2200 

2150 

3210 

22. 

ttttfc  > 

0.26 

0.25 

0.28 

23. 

*«tt*r«*  r  | 

(10-Uem) 

1.3 

1.2 

0.6*5 

*  ******  »  50% 


1-property;  2-phosphate  glass;  3-f 1 uophosphate  glass;  4- 
center  wavelength  of  fluorescence  (pm);  5-half  width  of 
fluorescence  line  (A);  6- 1 i f e  time  of  fluorescence  (ps )  ;  7- 

.  rjn  9 

cross-section  area  of  excitation  emission  (xlO  cmfc ) ;  8- 


ratio  of  fluorescence  molecule;  9-1.06  pm  loss  coefficient 


ixiu  cm  ij.  10-laser  efficient  (06x150  mm);  11-center 

wavel  ength  .of  laser  (A);  12- spectral  line  width  of  laser; 

13-density  (gram/cm^);  1 4-ref ract i ve  index;  15-Abbe  number; 

16-heat  expansion  coefficient;  1 7-temperature  coefficient  of 

refractive  index;  18-heat-optical  coefficient;  19- stress 

heat-optical  coefficient;  20-heat-optical  coefficient  of 

double  refraction;  2 1-transfomat ion  temperature;  22- 

deformation  temperature;  23-Young's  modulus  (kg/mm  );  24- 

2 

shear  modulus  (kg/mm  );  25-Poisson  ratio;  26-non- 1 i near 
refractive  index. 

*  the  reflectivities  of  the  two  ends  are  997.  and  507., 
respectively. 

2.  PROCESSING  IMPROVEMENT  OF  ND-DOPED  GLASSES 

Compared  with  optical  glasses,  Nd-glass  require  more 
high  purity  and  optical  homogeneity.  In  order  to  obtain 
usable  products  these  requirements  must  be  guaranteed  in  the 
process  of  manufacture.  Together  with  Shanghai  Xinhu  Glass 
Plant,  we  began  such  processing  studies  of  Nd-doped  silicate 
glasses  in  1964.  At  first  we  used  a  Pt  crucible  for  the  meltin 
process  of  Nd-doped  glasses  in  an  electric  resistance  oven. 
With  the  increase  of  device  output,  the  working  material  was 
damaged  easily.  According  to  our  investigation,  the  main 
reason  for  such  damage  was  the  Pt  particles  in  glasses. 
Glasses  without  Pt  particles  have  several  times  higher 


resistance  against  laser  damage.  We  prepared  Pt-particle 
free  glasses  by  using  two  channels  as  follows. 

The  first  channel  is  to  use  an  all  ceramic  crucible  for 
melting  process  of  Nd-doped  glasses.  The  key  is  to  find  out 
the  appropriate  materials  for  crucible  and  stiring  blades. 

It  is  required  that  the  harmful  contents,  e.g.  Fe,  in  these 
materials  should  be  very  low  (<0.17.),  the  ability  to  resist 
against  the  erosion  of  glass  should  be  high,  the  weight 
loading  capacity  should  be  high  enough,  et  cetera.  We  have 
tested  crucibles  using  different  materials,  and  have 
carried  out  acid  disposal  to  dissolve  Fe  in  the  raw  ceramic 
materials.  We  also  found  several  new  high  purity  materials; 
the  Fe  content  of  these  materials  can  be  below  0.1  7.  after 
the  fine  proposal.  Crucibles  with  a  more  than  100-1  iter 
capacity,  using  these  materials  and  some  melting  assistant 
additions,  were  already  used  in  the  processing  of  Nd-doped 
silicate  glasses. 

But  there  is  a  limitation  of  low  impurities  of  the 
natural  materials  and  it  can  not  meet  the  requirement  of 
further  lowering  the  optical  loss  of  Nd-doped  glasses.  In 
order  to  obtain  ceramic  with  higher  purity,  we  have 
investigated  the  properties  of  artificial  oxide 
materials^**  Our  artifical  oxide  materials  have  been 

used  to  make  stirring  blades  in  a  batch  production  scale. 

This  has  greatly  lowered  Fe  content  and  improved  the 


homogeneity  of  the  glasses.  Furthermore  the  result  of  inner 
layers  using  artificial  Mo  ley  stone  is  also  good. 


Using  all  ceramic  systere  in  the  glass  melting  process 
will  inevitablely  introduce  line  defects,  gas  bubbles, 
particles,  et  cetera,  in  glass,  due  to  the  erosion  of  the 
melted  glass  phase.  For  many  years,  we  have  investigated  the 
source  of  particles  and  the  process  of  disappearing  of  the 
line  defects  by  stirring  the  liquid  glasst 14, 15] .  Decreasing 
the  temperature  of  melting  process,  using  low  speed  stirring, 
et  cetera  are  effective  methods  of  processing. 

The  second  channel  is  the  Pt  depressing  testing  in  a  gas 
environment.  That  is:  the  melting  process  of  glass  is  done 
in  a  neutral  or  reductive  gas  environment  or  under  a 
protective  layer  to  avoid  the  entering  of  Pt  by  oxidation. 
The  resistance  against  laser  damage  of  Pt-free  Nd-doped 
glasses  was  i ncreased^ 1 ^ ^ .  The  high  frequency  self-heating 
melting  process  was  also  investigated^17^.  The  glass 
materials  were  melted  by  dielectric  loss  and  during  current 
heating  in  a  20  MHz  electric-magnetic  field. 
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strength  to  resist  laser  damage,  .ioui  e/cm  ,  (30  ns):  34- <5 

damaged  points  oer  liter):  35- laser  orooerty;  36-size  of 

glass  rod;  37-  refractive  index  at  the  output  end;  38- 
,39-sIope,  %. 

ef  f i c i entT^Ro-source  of  information  and  date:  41 -measured  bv 
ourselves:  42-oroduct  catalog;  43-brochure  of  exnitiitea 
oroauct . 


Witn  the  above  imorovement  of  processing  and  using  Pt 
crucibles,  the  foi lowing  properties  can  be  ootained  for  Nd- 
dooeo  silicate  glasses:  fe  content  is  as  low  as  0.017., 
optical  loss  at.  i  .06  did  is  about  0.  17.  cm  l,  ana 
the  free  oscillating  efficiency  of  a  glass  rod  with  size  of 
016x500  mm  can  reach  67.  ^nq33q>*  For  Nd-doped  glasses  melted 
in  a  ceramic  crucible,  Fe  content  is  about  0.027.,  optical 
loss  is  about  0.27.  cm  1  ,  ana  the  efficiency  of  a  glass  rod 
with  size  of  016x500  mm  can  reach  47..  Table  2  is  a 
comparison  of  optical  Quality  ana  laser  properties  between 
foreign  and  domestic  products.  The  aua l i ty  of  our 
experimental  products  is  eauivaient  to  that  of  commercial 
products  of  foreign  countries. 

Because  ohosonate  ana  f i uoonospnate  glasses  are  very 
erosive  to  ceramic  materials,  therefore  these  glasses  can 
not  oe  melted  in  ceramic  systems.  Furthermore,  these 
glasses  are  easy  to  produce  crysta I  segregation  and  the 


viscositv  in  the  castina  is  small.  Thus  it  is  difficult  to 


ootain  nomogeneous  glass  Droaucts.  After  many  years  of 
investigation,  we  ootainea  a  metnoa  of  melting  Nd-aoped 
onospnate  glasses  under  a  protective  layer  in  a  Pt  crucioie 
ano  ootainec  tne  appropriate  glass  snaoes  with  f unne I -type 
pouring-  *  Pnospnate  glass  is  easy  to  aosoro  water.  an 

tne  nvaroxy i s  in  tne  glass  will  extingish  tne  fluorescence 
or  no  ions;  tnerefore  a  special  water  dissolving  process  is 
reauireo  in  tne  melting  process ^  1 .  Currently  we  can 
maxe  .^rge-size,  n i an  duality  Nd-dODed  onospnate  glasses; 
tne  erf i c i encv  of  glass  rods  with  size  of  06x100  mm  can  de 
aoout  i . 5%  (free  oscillation),  tne  snort-Pui se  small -si anal 
amp i i f i cat i on  of  suen  glass  rods  is  0.16  cm-1,  ano  tne 
amo  i  i  r  j  cat  ion  in  a  0200  mm  disc- like  laser  device  is  0.048 
cm  1  (after  feedoack  oscillation  is  eliminated). 

3.  ChAWACTERI 2AT ION  AND  QUALITY  TESTING  OF  LASER  GLASSES 

In  tne  last.  10  years,  we  nad  Duiit  a  systematic 
system  of  measurement  and  calculation  metnods  for  ootaining 
soectrai  and  opt i ca i  emission  parameters,  e.g.  fluorescence 
energy  level,  auasi-grouna  state  emission,  non-rad i at i ve 
transition  orooaoi i itv,  auantum  efficiency,  ratio  of 

fluorescence  oranenes,  etc'-^^-1 ,  Taoie  3  lists  a™3 

4  3+ 

y/i'  ener9y  1  eve  i  s  of  no  ions  of  domestic  Nd-oooeo 

glasses  ano  tne  fluorescent  transition  from  to  4ly/2* 

Appendix  (4)  lists  tne  experimental ly  determined  spectral 


parameters  of  aomestic  Na-aooea  glasses 


4 

Taoie  3.  Some  of  tne  fluorescence  energy  I  eve  is  (a  >  ana  * 
to  A  \  ^ transition  (D)  of  some  Na-aopea  silicate  glasses 
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i-(unit:  cm-1);  2-type  of  glass;  3-uooer  limit;  a-iower 


limit.;  5-tyoe  of  glass;  6-oosition  of  fluorescent  oeak:  7- 
tvoe  of  transition;  8-(A);  y-(cm  l). 


for  many  years  we  naa  oaia  attention  to  tne  neat 
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deformation  orooiem  of  Nd-dODed  glass.  The  relation  Detween 
neat  deformation  and  some  neat-oct i ca i  coef f i c i ents .  sucn 
as  temoerature  coefficient  of  refractive  index  <(3  )  » 
neat-ooticat  coefficient  of  stress  (P),  stress  coefficient 
of  doudie  refraction  (0),  neat-ooticat  coefficient  without 
neat  stress  were  ootained  tneoret i ca i I y  and  confirmed 
exDerimentai .  Accurate  methods  of  measurement  and 

i  >4  1 

instruments  were  ouilt  for  sucn  measurements L  Tne 

l  25  i 

dynamic  orocess  of  neat  deformation  was  measured-  This 

nas  provided  a  Das  is  for  solving  the  heat  deformation 
oroDlem  oy  further  improving  the  compositions  and  properties 
of  tne  glasses. 

Tne  damage  oy  intense  laser  beams  is  an  important 
orooiem  of  research.  We  nave  Duilt  tne  measurement  methods 
of  the  laser- induced  damage  in  Nd-ooped  glasses  oy  muiti- 
pu i se  and  singie-ouise  nigh  energy  lasers  (including  in¬ 
cavity  and  out-cavity  damages).  Tne  damage  thresholds  of 
different  glasses  were  determined,  and  some  special  damage 
pnanomena  were  ooserveo.  We  paid  attention  to  tne 
measurement  of  non- linear  refractive  indices.  In  is 

I  26  I 

parameter  was  measured  Dy  seif-focus  damage  threshold1 

r  2  / 1 

self-induction  changes  of  po I ar i zat i on •  ,  i i gnt-i nouceo 

double  refract  ion  -  ,  ano  interference  metnoa'^' . 

Tne  nomogeneity  of  large  size  laser  glass  is  tne  most 
important  Parameter  of  duality.  We  nave  Duilt  several 


vr  w_  wj  irvwv  rv  *jirnrj-0wrsr: 


oarameters  sucn  as  ultra-violet  and  infra-red  refractive 

inaexes1'^'  ,  stress  opt i ca I  constant.  Young's  mouou  i  us , 
I  3  4  "I 

et  cetera'  were  out  it.  At  tne  same  time,  calculation 

metnoas  of  glass  onys i ca i  properties,  wnicn  are  closely 
related  to  laser  glasses,  were  estaDiisned. 


4.  SOME  BASIC  STUDIES  OF  LASER  GLASSES 

in  tne  field  of  spectral  study  of  laser  glasses,  the 
spectra i  properties  and  structural  status  of  different  rare 
eartn  ions  in  inorganic  glasses  were  investigated  in  tne 
early  years1-36-1.  Tney  were  also  explained  with  the  theory  of 
oistriputed  potential  field. 

Ta Die  4.  Optical  emission  properties  of  Nd5*  in  inorganic 
a i asses 
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2-tyoe  of  glass;  3-jjs;  4-measurea  result;  S- 


caicuiatea  result;  6-tota i ;  7-cm2;  8- borate;  y-silicate:  iu- 
germanate;  ll-tenurate;  1 2-ohosohate ;  1  3-a  i  uml  nate;  14- 
a i uminate-si I icate;  1 5-ga il ate-s i l i cate;  16-f l uophosphate; 


l 7-f i uooery i  l ate;  18-note:  £  A  is  oroDaDi  i ity  of  non- 

nr 

radiative  transition,  E Ap  is  orooaoi I ity  of  radiative 

transition;  n is  auantum  efficiency,  c  is  cross-section  area 

P 

of  excited  emission. 


Later  we  carried  out  an  intensive  investigation  on  tne 
soectrai  ano  ooticai  emission  oroperties,  especially  on  the 
influence  of  micro  ana  suo-mi cro  structures  to  the  soectrai 
and  ooticai  emission  propert  i  es  3  7  -  .  We  first  investigated 
silicate  based  glasses,  then  tne  other  inorganic  glasses 
sucn  as  oorate,  onospnate,  germanate,  tell  urate, 
f l uoonosonate,  ano  fluoride.  The  influence  of  glass  bases  to 
excitation  ions  is  mainly  reflected  in  their  interact  ions . 
The  static  electrical  interaction  between  distributed 
potential  field  and  NoJ+  causes  a  splitting  of  soectrai  line 

(or  energy  levels).  According  to  the  splitting  values  As  of 

4  4  3+ 

ground  state  ana  tne  final  state  2  of  no  in  the 

No-dooed  crystal  ano  glass,  we  have  summarized  that  the 

splitting  value  A  ,  in  a  base  with  ionic  bonds  as  the  major 

bonding, is  correlated  to  tne  interaction  force  between  the 

field  distributing  bodies  (anions),  and  tnis  relation  can  be 


expressed  witn  a  simple  formula  F=3z/a  ,  nere  x  is  the 
valence  of  anions,  a  is  tne  sum  of  tne  two  radii,  and  A 
increases  witn  tne  increase  of  F .  if  some  anion  clusters 

—  4  -3 

appear  in  tne  oase  material,  sucn  as  Si04  ,  P04  ,  etc,  tne 

influence  of  tne  field  distri outing  oody  to  noJ+  will 
decrease  and  A  will  also  decrease.  Tne  increased  interaction 
between  tne  central  cation  and  oxygen  anion  0*  in  oxygen 
cluster  [RO^j  will  weaKen  tne  influence  of  oxygen  ions  on 

3+  ' 

no  ,  tnat  is.  tne  Zk  will  decrease  witn  tne  increase  of  F  , 
*  /  ^  * 

F  =2z  /a  ,  nere  z  is  tne  valence  of  tne  central  action  (see 

figure  1.)  Different  from  ionic  crystals,  tne  strong 

influence  of  oase  glass  to  excitation  ion  is  reflected  in 

tneir  polarization,  tnat  is:  tne  factor  of  covalent  Donos. 

Sucn  influence  was  first  observed  in  tne  moving  of  spectral 

lines  (see  figure  2).  We  use  tne  electrical  negativity 

difference  between  anion  and  cation.  Ax,  to  explain  tnis 
f  30  , 

effect"  ",  Polarization  nas  more  oDvious  effects  on  tne 

transition  orooaDi I ity  of  tne  excitation  ions.  We  furtner 

investigated  tne  energy  transfer  process  of  NdJ+  ions  in 

f  39 't 

inorganic  glasses-  .  We  a  I  so  investigated  tne 
prooaoi i it i es  of  radiative  and  non-radiat i ve  transitions, 
tne  excited  emission  cross-section  areas,  and  Quantum 
efficiencies  of  10  different  No-dooed  glasses  as  listed  in 
tao  i  e  a1-4*"1-.  it  was  found  tnat  tne  influence  of  oase  glass 
on  non-rad i at i ve  transition  was  mucn  larger  tnan  on 
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radiative  tans  it  ion.  In  inorganic  glasses,  tne  non- 
raaiative  transition  causea  by  tne  interactions  Detween  NdJ+ 
ions  and  otner  rare  eartn  ions  or  transition  element 
ions  are  processes  of  resonant  transfer  or  pnonon-ass i stant 
relaxation.  Tne  energy  transition  due  to  tne  interaction 
oetween  no^+  and  anions  (e.g.  Oh  and  0=  )  was  treated  dv  tne 
muiti-pnonon  model  wnicn  was  widely  used  in  tne 
woria1-41’4^.  But  due  to  tne  complicated  pnonon  mooes  of 
inorganic  glasses,  no  satisfactory  results  were  ootained. 
Tnis  is  Possibly  an  energy  transfer  process  of  inner 
molecules  and  furtner  investigation  is  Deina  done. 


Fig.  1.  Relation  oetween  splitting  value  of  tne  spectral  term 

4 

ana  Tne  Couiomo  interact"  ion  of  oxygen  ion  groups 
1-onosohate;  2-tungstate  and  moiyDdenate;  3-arsenate;  4- 


vanaaate:  S-siiicate;  6-norate;  /-n iooate-tanta late:  8-cm. 


fig.  2.  Spectra  of  different  Nd-doped  glasses. 

1 -tel i urate;  2-Dorate;  3-Silicate;  4-phosphate;  5-cniorioe; 
6-fiuorate;  7-retative  intensity  of  f I uorescence;  8-nano  urn. 

in  order  to  develop  new  types  of  laser  glass,  mainly 
invisible  and  infra-red  laser  glasses  and  tunanie  laser 
a i asses,  we  nave  carried  out  furtner  studies  of  soectra i  and 


optical  emission  properties  of  glasses  doped  ny  ions  of 
transition  elements,  act i num  family  elements,  and  other  rare 
eartn  elements.  Until  now  we  have  invest i dated  fluorescence 


and  time  resolved  spectra,  excited  by  parallel  magnetic 


resonance  and  laser  excitation,  of  Cr^+,  no^+,  Mn2+,  Co^+, 


Ni2+,  ,  etc1-4^  4^’  We  also  nave  investigated  the 


energy  transfer  process  from  Ce3+  to  Tb^+,  Tm3+,  £rJ+,  and 


from  Nd^+  to  Yb^+-4^-* 


We  nave  also  i nvest i gated  systemat i ca i l y  tne 
interactions  Detween  intense  laser  beam  and  tne  glass 
mediums.  Tne  work  done  in  tne  early  stage  was  mainly  in  tne 
following  three  aspects:  (1)  neat  deformation  due  to  free 
oscillations,  tnis  is  defined  as  optical  beam  blooming;  (2) 
seif-focus  due  to  snort-pulse  laser  beam;  (3)  glass  damage 
caused  by  laser  beam.  Based  on  tne  aDove  experiments,  we 
tnink  tne  interaction  between  laser  beam  and  glass  medium  is 
caused  by  tne  following  effects:  neat  effect,  electrical 
expansion  and  attraction,  and  non-linear  polarization.  The 


corresponding  non-linear  refractive  indices  are  n^(T) , 


f  4  7 1 

n^(S),  n^(E)  We  developed  a  new  metnod  to  calculate  tne 


accurate  values  of  tnese  tnree  refractive  indices  according 
to  tne  known  pnysical  propert 1 es - 4® ’ 4y^ .  for  a  comparison, 
table  5  lists  tne  calculated  results  and  measurement  values 


of  non-linear  refractive  index  n^tE);  tne  metnods  of 


measurement  are  se I f-damaae  tnresno l d ( SF ) ,  se i f- i nduct i on 


ooiarization  (SI PC),  and  ( i ant- f naucea  aouo l e  refraction 
(LIB).  Which  of  these  three  non-linear  ODtical  effects  is 
the  major  effect  aepends  on  pulse  time  of  the  laser  Deam. 
Taole  6  lists  these  three  non-linear  refractive  indices, 
under  three  different  situations  of  laser  pulse,  of  nQ3 
laser  glass.  We  can  know  that  for  continuous  and  milli¬ 
second  pulse  lasers  the  main  interaction  Detween  laser  ana 
glass  is  heat  effect,  out  for  nano-second  and  suD-nano- 
second  oulse  lasers  the  main  interaction  Detween  laser  and 
glass  is  non- i i near  polarization.  Therefore  we  established  the 
relation  Detween  the  non-linear  optical  effects  in  glass  ana 
the  physical  properties.  Figure  3  shows  the  relation  Detween 
n^(e)  ana  the  laser  damage  threshold  of  some  optical  and 
laser  glasses,  caused  Dy  nano-secona  pulse  laser  beams. 

Figure  ^  shows  the  relation  Detween  n^fT)  ana  the  neat 
D looming  in  glasses  caused  Dy  nano  second  laser  pulses 
(A#/ea,  a$  is  the  dispersive  angle  of  laser  output,  £A  is 
the  adsorbed  energy  per  unit  volume  of  glass). 


Table  5.  Exper imenatal  and  calculated  values  of  non-linear 
refractive  indexes  of  some  optical  and  laser  glasses 


a* 

A 

eso) 

rt-*a*n(£) 

SF 

SIPC 

LIB 

(10-u,  csa) 

ZF-7 

6.4 

7.5 

8.3 

9.0 

at 

BaF-2 

4.1 

3.0 

3.0 

3.6 

* 

QK-3 

1.3 

— 

— 

1.2 

at) 

Ham 

1.9 

2.0 

2.0 

1.7 

it 

N'tdj 

1.6 

1.8 

2.0 

1.9 

at 

^toia 

1.8 

1.8 

2.0 

1.7 

31 

1.3 

2.0 

1.2 

1.5 

1-type  of  glass;  2-optical  glass;  3-laser  glass;  4- 
measured  result;  5-calculated  result. 


Table  6.  Non-linear  refractive  indices  of  NQ3  laser  glass 
under  different  laser  pulse  widths 


(») 

m#sk# 

mx 

»  *  ffi- 

«  *  #5 

*  tt  ffi 

vc  *  a 

10~*~  10_T 

io-»~ 

10-* 

10-“~ 

10-!« 

MTEQI 

6x10-“ 

1 .06  x 
10-* 

0.92x 

10-m 

l.06x 

io-“ 

0.92x 

io-» 

1-non-l inear  effect;  2-heat  effect;  3-electric  expansion  and 

attraction  effect;  4-non-l inear  polarization  effect;  5- 

2 

response  time;  6-non-l inear  refractive  index;  7-cm  /watt;  8- 


mi 1 1 i-second  pulse;  9-micro-second  pulse;  10-nano-second 


i 

■ 

► 

r 

r 

r 

> 
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l 

»■. 

!  * 


h*. 
'■ . 
i?. 


■ 
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1-type;  2-physics  properties;  3-processing  property;  4- 
density;  5-mi croscopi c  hardness;  6-mechanical  strength;  7- 
Young's  modulus;  8-expansion  coefficient;  9-transformat  ion 
temperature;  10-soften  temperature;  1 1 -temperature  at 
viscosity  of  100  poise. 

2.  Refractive  indices  and  dispersion 


ft  * 

*  % 

ft  H  * 

- 

no 

»D 

<w 

*F 

ft/- ft; 

V 

m  1C 

06 

i+  «. 

Nona 

C72-13 

1.52965 

1.5424 

1.54899 

0.00933 

58.14 

1.5316 

\  1.5315 

Njc: 

E70-05 

1.53860 
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0.00 90S 

59.5 
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D904 

1.01969 
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0.00874 
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63.1 
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59.9 

1.4953  i  1.4855 

So 

C7133 

1.63271 

1.SS54 

1.54191 
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58.2 

1.5248 

1.5246 

Nbu 

D926 

1.51502 

1.5176 

1.51972 

K 62868  i 

0.00661 

60.1  , 

1.5076 

1.5076 

J*l«« 

B71-07 

1.51455 

1.5171 

1.52335 

0.00880 

5S.8 

1.5067 

1.5068 

1-type;  2-No.  of  crucible;  3-refractive  index;  4-measured 
value;  5-calculated  value. 
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5.  Laser  properties 


1 

a  * 

l.oea* 

(%  i*-1) 

416x500 

(%> 
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(A) 

*  * 

(A) 

Nous 

0.2 

2.4 

— 

— 

N<ma 

0.1 

3.0 

— 

— 

J»aaa 

0.1 

4.0 

1C624.53 

94 

Nous 

0.16 

3.3 

10613.21 

90 

Ns®. 

0.29 

2.2 

10604.27 

124 

Ncrr.a 

0.12 

3.5 

10584.14 

62 

N'o*u 

o.2r 

2.r 

10597. S9 

112 

Nona 

0.10 

3.8 

10608.61 

109 

Nimt 

0.22 

3.5 

10611.39 

91 

f:  •  *S5*T*  100%  H  50% ,  3  « fr.  >H A 

StH  *«>*«**. 


1-type;  2-1.06  yim  optical  absorption  coefficient  (%  cm-1); 
3-laser  efficiency  of  ol6x500  mm  rod*;  4-central  laser 
wavelength;  width  of  laser  spectra  line.  6-*  reflectivities 
of  end  surfaces  are  100  %  and  50  X,  emission  time  is  3 
mi  1 1 i-second;  input  energy  is  lxlO4  joule. 
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Tne  Research  Progress  on  Laser  Crystals  in  China  r 

2hang  Y i nx i a 

North  China  Research  institute  of  Electro-Optics 

ABSTRACT 

A  general  review  is  made  on  the  oast  ana  future  of  the 
research  progress  on  laser  crystals  in  China.  Some  Drooosa i s 
are  offered  in  order  to  open  up  a  new  prospect  for  the 
development  of  laser  crystals.— ^  ;  Z. 

In  memory  of  the  10th  anniversary  of  the  puDiishing  of 
"Chinese  Journal  of  Lasers"  we  are  glad  to  review  the  course 
of  development  of  the  science  ana  technology  of  lasers  since  1961  in 
China.  The  Chinese  made  laser  crystals  had  played  an 
important  role  for  the  oirth  of  the  first  Chinese  laser 
device  ana  tne  later  developments.  The  Changchun  Institute  of 
Optics  ana  Fine  mechanics  ana  Suzhou  precious  Stone  Plant, 
together  with  other  institutions,  had  laid  the  foundation  of 
China's  laser  crystals,  now  we  nave  laser  crysta I  research 
Drograms  of  certain  scale,  ana  such  research  work  is  being 
done  in  more  than  i0  institutions;  more  than  1000  scientists 
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and  technicians  are  Involved;  and  more  tnan  20  laser 
crysta i s  are  under  study.  Nd-dooed  YAG  and  Ci — dooed  At^O^ 
crystals  nave  been  produced  and  obtained  wide  ap i I i cat icns . 
Some  new  promising  crystals  are  under  intensive  study  and  are 
ready  for  aoolication.  Basic  researcn  is  also  Being  carried 
out . 

I.  RARE  EARTH  ION  LASER  CRYSTALS 

( 1 ) .  Nd : YAG 

Cnina  began  to  grew  YAG  crystals  in  1965.  At  first,  a 
laser  was  obtained  witn  crystals  prepared  by  salt-melting 
metnod.  Nd : YAG  crystals  witn  size  of  up  to  0.50mm  ,n  diameter 
were  prepared  by  salt-melting  metnod.  Nd:YAG  crystals  were 
produced  by  upward  pulling  metnod  in  1967.  Tne  upward 
pulling  metnod  witn  electrical  resistance  neat i ng  using  a 
graonite  or  tungsten  neater  was  popularized  in  several  dozen 
of  Institutions.  Soutnwest  Institute  of  Applied  Pnysics 
developed  a  set  of  orocessing  tecnnoiogy  to  control  tne 
growtn  of  plan  boundary  for  obtaining  part  1 c i e-f ree  and 
dislocation-free  Nd : YAG  crystals.  Recently  Sicnun  Huaguang 
Riant  of  Instruments  produced  crystals  witn  good 
nomogeneity  (tne  interference  pattern  line  density  can  be  as 
low  as  0.25/25  mm).  Tne  grapnite-res I  stance  metnod  nas 
orobiems  of  producing  a  large  number  of  scattering  centers 


in  crystals.  Snangnai  Jiaotong  university  nad  applied  tne 


controlled  gas  environment  to  Peeress  scattering  centers 
in  some  degree.  By  tne  upwaro-ou I l i ng  method  using  a  Er 
crucfoie  and  e t ectr i c-magnet i c  induction  heating,  scattering 
part i ca I -free  crystals  with  a  diameter  of  025-30  mm  and  a  ^ 

convex  oounoary  surface  can  be  produced.  Recently  North 
China  Research  institute  of  Electro-Optics  has  produced 
crystals  with  diameters  of  035-40  mm,  and  the  crysta I  rod  of 
09x75  which  can  be  used  for  laser  amplification  has  an 
interference  line  density  of  0.3/25  mm.  Jiiing  Laser 
Materials  Plant  is  the  digest  plant  specialized  in  YAG 
crystals;  and  Chengdu  Liming  Mechanical  Plant  is  active  in 
developing  YAG  crystal  production. 

The  property  of  Crystals,  produced  either  by  electrical 
resistance  method,  or  induction  method,  can  be  improved 
after  high  temoerature  annealing.  This  shows  that  oxygen 
vacancy  defects  or  Oh”s  were  introduced  when  the  oxide 
crystal  was  grown  in  a  reductive  or  inert  gas  environment.  Some 
crysta i s  had  serious  crystal  defects  or  serious  harmf u i 
impurity  contamination;  they  caused  color  change  after 
annealing  and  the  optical  absorption  and  scattering  loss 
were  increased  obviously.  Tne  annealing  process  can  uncover 
tne  problems  existing  in  crystals  and  therefore  can  prevent 
the  pool — ouaiity  crystals  from  being  used. 

National  scale  character  1 zat ion  of  Nd-YAG  laser  crystal 
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roas  was  organized  for  two  times,  it  played  a  good  role  in 


stimulating  technical  communication,  improving  quality  of 
crystals,  and  making  standard  character izat ion  methods.  The 
technology  of  crystal  selection,  optical  processing,  ana 
ant i -ref l ect i ve  films  at  tne  end  surfaces  nave  been  improved. 
Tne  ultrasonic  rod  picking  technique  of  raw  crysta i  and 
multi-rod  processing  technique  of  crystal  end  surfaces  will 
oe  used  soon. 

Tnrough  tne  investigation  of  Nd-Cr  aouoie  doping  of  YAG 


crystals  made  at  North  China  Research  Institute  of  £  I ectro- 


.3+ 


Opt i c s ,  it  was  found  that  Cr  has  some  sens i t i zat i on  effect 


in  NdJ YAG  crystals.,  can  improve  crystal  deformation, 

Nd*+ 

increase  tne  lifetime  of  f I uorescence^and  improve  tne 


resistance  against  ultra-violate  Deam  irradiation.  Nd : Cr : YAG 
crystal  has  been  applied  to  tne  note  drilling  of  ruby 
bearing,  distance  measurement,  and  medical  applications. 

(2)  Y A  I O ^ 


This  crysta)  was  produced  in  1971  and  produced  a  laser 
beam  in  1972.  Because  this  crystal  is  more  sensitive  to  tne 
duality  of  raw  materials  ana  impurities,  ana  the  gas 
environment  of  growtn  and  annealing  also  nave  obvious 
effects,  tne  graonite-molybdenum  growtn  system  was 
discarded  gradually.  Basic  studies,  of  tne  neat-ooticai 
properties,  transition  cross-section  areas,  ana  applications 
of  YAtOi  crystal,  were  made  at  Shanghai  Research  Institute 


of  Ootics  and  Fine  Mechanics.  Since  tne  70s.  most 
institutions  switched  their  investigation  to  YAG,  and  only 
Fujian  Research  institute  of  Material  Structures  insisted  in 
the  investigation  of  YAiO^.  They  have  done  good  work  in 
crystal  growth,  material  pur i Fi cat  ion,  and  heat  eFFect 
of  YAiO^.  b-axis  Nd:Cr:YA)Og  has  reached  a  1 6JL  watt 
continuous  output  at  1.079  ym  and  a  20  watt  continuous  output 
at  1.34  jjm.  This  is  in  the  leading  position  in  the  world. 

They  also  oroduced  £r:YAl03  crystals  and  made  studies  oF  the 
spectra  I  propert i es . 

(3)  LiYF4  (SiLf) 

For  meeting  the  requirements  oF  some  new  wavelengths. 
North  China  Research  Institute  of  Electro-Optics  Degan  to 
produce  Yl_F  crysta I  s  in  1977.  A  set  of  technology  of  inert 
gas  environment  and  upward  pulling  method  using  graphite 
apparatus  was  developed.  The  problems  which  are  keys  For 
crystal  quality  such  as:  oxygen  content  in  materials, 
transparency  loss,  twin  crystals,  and  scattering  particles 
were  solved.  Nd:YLF  (  1.047  jum,  1.053  um,  and  1.32  jjnri)  , 

Er:YLF  (0.85  jjm)  and  c*0-ylF  (2.06  jum)  have  produced 
laser  output  at  room  temperature.  Nd : YlF  pulse  laser  output 
has  reached  838  miiii-joule  and  the  efficiency  has  reached 
1.51%  (maximum  is  1.73%).  The  mode-lock  laser  operation 
has  been  obtained  in  oscillators  using  NdrYLF  crystals. 

(4)  Seif  exciting  laser  crystals 


Snangtong  University  ana  otner  institutions  nave 
produced  NaP5014,  (Nd,  La)P50M,  ana  NdAI3(B03>4  crystals 
wnicn  are  transparent.  Tne  size  of  tnese  crystals  has 
reacnea  4  cm  and  tnis  is  at  tne  leading  position  in  tne 
world.  NdP^0l4  using  Xe  lamp  for  optical  pumping  produced 
laser  output  in  1979  ana  was  applied  to  laser  distance 
measurement.  (Na,La)P5014  and  NdAi3(B03>4  generated 
laser  output  and  tney  nave  oetter  properties  than  NdPL0. 

l  4 

Fujian  Researcn  Institute  of  Material  Structures  produced 
smalt  crystals  of  Nd : GdA I ^ ( 80. )  .  ana  tne  pulse  laser 
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operation  was  ootainea  in  1980. 

Snangnai  Institute  of  Optics  and  Fine  Mecnanics  ana 
Snangnai  Institute  of  Ceramics  nave  produced  NdLiP^O.,, 
crystals  and  oDtained  laser  output.  In  order  to  decrease 
narmonic  oscillation  loss  of  tnis  crystal,  Snangnai  Institute 
of  Ceramics  nas  produced  Ndrt  -La^  cLiP.0lO  crystals. 

A  decrease  of  laser  tnresnoia  in  tnis  crystal  is  anticipated. 

Peking  Institute  of  Artificial  Crystals  nas  produced 
NaP^O j 4  glass  laser  rods  and  ODtained  laser  operation  witn  a 
rate  of  15—20  sec  *.  Applications  in  tne  field  of  medicine 
are  anticipated  for  tnis  crystal. 

2.  TRANSITION  MfTAL  I  ON  LASER  CRYSTALS 

(1)  RuDy  crystal  (CriAI^O^ 

After  the  booming  period  in  the  1960's  of  fire-melting  processing 


investigation,  tnere  was  a  blank  period  for  tne  researcn  on 
ruoy  crystals.  Us ing  upward  pulling  metnod,  Annei  Institute  of 
Optics  and  Fine  Mecnanics  and  Suznou  plant  of  Crystals 
ootained  crystals  with  better  homogeneity,  in  tne  middle  of 
tne  70s.  Cooperating  wi tn  Snangnai  Institute  of  Ceramics  and 
Shanghai  Institute  of  Optics  and  Fine  Mechanics,  Jiaozao 
Institute  of  Lasers  improved  the  fire-melting  method  and 
improved  tne  crystal  quality;  tne  laser  efficiency  reacned 
1.77.  and  tnis  institute  oecame  tne  main  supplier  of  tnis 
crystal.  Recently  Anhui  Institute  of  Optics  and  Fine 
Mechanics  and  Jiozao  Institute  of  lasers  are  solving  tne 
major  problems  of  upward  pulling  metnod  and  t nvest igat i ng 
ruoy  crystals  for  holography. 

1 2)  Cnrysobery  (Cr : 8eA I ^0  . ) 

c.  4 

This  is  an  ena-pnonon  tunable  laser  crystal  which  is 
being  paid  attention  abroad.  Because  of  the  extremely  toxic 
nature  of  BeO,  it  is  only  investigated  at  Snangnai  Institute 
of  Optics  and  Fine  Mechanics,  and  at  Anhui  Institute  of 
Optics  and  Fine  Mecnanics.  Shanghai  Institute  of  Optics  and 
Fine  Mecnanics  began  to  investigate  crystal  growth  in  1981, 
and  ootain  laser  output  in  the  same  year.  Recently  tunable 
laser  output  was  observed  in  tnis  crystal.  Anhui  Institute 
of  Optics  and  Fine  Mechanics  has  produced  crysta I s  with 
different  crystal  axes. 


( 3 )  N i : MgF 


Shanghai  Institute  of  Optics  and  fine  Mechanics, 

Shanghai  Jiaotong  university,  and  Peking  Institute  of 
Glasses  nave  produced  Ni sMgF^  single  crystals  of  024-30x30 
mm,  Dy  using  a  sealed  graphite  crucible  and  a  temperature 
gradient  method.  Seed  crystals  with  different  crystal 
orientations  nave  been  used  for  crystal  growth.  Crysta I 
cracking  and  stress  character i st i cs  nave  been  investigated. 
Spectral  property,  dislocation,  and  line  defects  were 
measured.  Snangnai  Institute  of  Optics  and  Fine  Mecnanics  has 
produced  CosMgF^.  Snangnai  Jiaotong  university  has  produced 
Ni :MgO  crystals  and  produced  low  temperature  laser  devices. 

3.  COLOR  CENTER  LASER  CRYSTALS 

In  the  begining  of  tne  80s  China  had  about  10 
institutions  doing  investigations  of  color  center  laser 
crystals,  undoped  and  doped  LiF,  KCi,  and  Na^coidr  center 
crystals  have  been  produced.  Preliminary  studies  of  tne 
formation,  types,  type  transfer  treatment,  and  stability  of 
color  centers,  etc.  nave  been  carried  out.  LiF  with  no:YAG 
double  freauency  pumping  produced  tunable  color  center  pulse 
output  at  room  temperature  in  1981.  Because  this  program  is 
related  to  material,  device,  and  appl icat ions,  and  it  also 
can  stimulate  tne  related  basic  research,  tnerefore  Huaqiao 
university  and  other  institutions  are  doing  cooperative 


investigations 


4.  investigation  of  new  laser  materials 


Since  the  70s,  in  order  to  meet  the  need  of  multi-type 

development  of  solid  laser  devices,  some  institutions  of 

China  began  to  investigate  new  laser  materials.  North  China 

Research  Institute  of  Electro-Optics  has  produced  new  laser 

materials  such  as:  Nd:Cac  (PO  „  )  -.F ,  Nd:CaY  „  (SiO  . )  ^0,  Nd:YVO„, 

3  4  j  4  4  j  4 

and  different  rare  earth  element  doped  new  laser  materials 
such  as  Go ( MoO and  CacY,-F._.  Recently  new  multi- 

c .  4  3  o  M  4s? 

function  crysta 1 s  with  self  Q-  adjustment  and  mode  self- lock 
functions  are  under  investigation.  Cooperating  with  Peking 
Institute  of  Glasses,  new  end-phonon  laser  crystals  are  also 
under  Invest igat ion.  Fujian  Institute  of  Material  Structures 
is  investigating  the  relation  Detween  structures  and 
properties,  and  has  suggested  to  find  new  end-phonon 
transition  laser  crystals  through  the  channel  of  combining 
the  crystal  dynamics  and  lattice  field  theory.  Based  on  the 
structural  character i st i cs ,  a  new  crystal  Cr : YA 1 3 (60^ 1 4  was 
produced.  A  R-iine  located  in  a  684  nanometer  was  observed  in 
the  spectral  studfes,  and  there  is  a  very  strong  phonon  band 
in  the  690-750  nanometer  region,.  Shanghai  Institute  of  Optics 
and  Fine  Mechanics  has  carried  out  spectra  1  studies  of  some 
rare  earth  and  transition  metal  ion  doped  oxide  and 
fluolides.  Annul  institute  of  Optics  and  Fine  Mechanics  is 
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investigating  new  type  ena-pnonon  laser  crysta i s  Dy  salt¬ 
melting  methods.  Changcneng  Institute  of  Appliea  Chemistry 
has  produced  a  series  of  small  size  self  excited  laser 
crystals  with  new  wavelengths  such  as:  KNdP.O,-,  MnrCeP.-O.  ,, , 

**  \  £  D  14 

TDx0y1_xPgO14,  ect.  Shanghai  Institute  of  Ceramics  has 
produced  same  composition  melted  *58*0  9£ro  i(r1o04*4  s’n9,e 
crystals  and  carried  out  structural  and  spectral  studies. 
Peking  Institute  of  Physics  has  investigated  the  crystal 
growth  and  properties  of  Eu:GGG,  Tb:GGG,  etc.  Several 
universities  are  also  carrying  out  basic  research  for 
exploiting  new  materials. 


5.  FACILITY  6UIL0ING  OF  LASER  CRYSTAL  RESEARCH 
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Before  1960  the  crystal  growth  and  property 
character izat ion  in  China  were  very  weak;  most  of  the  fields 
were  blank.  Tne  invention  of  lasers  great l y  had  pushed  the 
facility  building  of  crystal  research.  In  order  to  meet  the 
requirement  of  the  growth  of  high  melting  temperature 
oxides,  severa 1  upward  pulling  single  crysta l  furnaces  with 
high  precision  mechanical  movement  and  high  stability  were 
designed  and  manufactured  at  Shanghai  Institute  of  Optics 
and  Fine  Mechanics,  Shanxi  Institute  of  Mechanical 
Engineering,  North  China  Researcn  Institute  of  Electro- 
Optics,  Tianjin  university,  Chongqing  University,  and  other 
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institutions.  Some  institutions  nave  developed  programmable 
semi-automatic  temperature  control  systems,  automatic 
mechanic  weighting  systems,  automatic  electronic  weighting 
systems,  and  programmable  automatic  movement  correction 
systems.  The  reliability  of  most  of  these  control  systems 
needs  further  improvement,  tbe  electronic  weighting  systems 
are  not  stable.  Experiments  of  automatic  systems  using  / 

mi crocomouters  are  being  done  now. 

Kunming  Institute  of  Precious  Metals  developed  in  the  1960's 
tecnnoiogy  for  product  processing  of  £r,  and  has  supplied 
different  Er  products  for  tne  growth  of  high  melting  oxides 
by  induction  methods. 

North  China  Research  Institute  of  Electro-Optics  in  the  1970's 
designed  and  manufactured  SCR  (silicon  controlled  rectifier) 
medium  freauency  converter  power  source  which  has  high  long¬ 
term  stability,  and  it  was  applied  to  the  crystal  growth  by  the 
upward  pulling  method.  Because  the  frequency  selection 
matches  the  skin  effect  of  Er  crucibles,  the 
medium  frequency  has  no  influence  to  control  circuits,  and 
it  also  has  smalt  effect  on  human  oodles.  This  power  source 
was  popularized  in  China.  This  institute  also  has  developed 
a  laser  spectroscope  for  quantitative  measurement  of  the 
distribution  of  excitation  ions. 

Shanghai  Institute  of  Optics  and  Fine  Mechanics  has 
succeeded  in  an  improved  directional  temperature  gradient 


method  of  crystal  growth.  Except  the  application  in  the 
growth  of  white  jade  single  crystals,  it  is  used  to 
produce  large  diameter  Nd:YAG  crystals  at  shanghai  Institute 
of  Optics  and  Fine  mechanics  and  Cnangcheng  institute  of 
Optics  and  Fine  Mechanics.  In  the  field  of  measurement 
instruments.  East  China  Institute  of  Engineering  has 
designed  and  produced  Tammann  i nteferometers.  This  instrument 
was  a i ready  used  in  China.  Most  of  other  measurement 
apparatus  for  various  measurements  such  as  scattering 
coefficient,  aosorption,  ratio  of  optical  attenuation,  laser 
property,  etc  are  non-standard  apparatus  developed  Py 
individual  institutions  themselves.  Generally  the  conditions 
of  character izat ion  of  laser  crystals  are  still  very  poor: 
some  fields  are  still  olank  (for  example,  quantum  efficiency). 


6.  AN  ESTIMATION  OF  THE  FUTURE  AND  SOME  SUGGESTIONS 


For  the  past  several  decades  the  development  of  laser 
crysta i s  was  fast  in  China,  and  a  quite  strong  oasis  and 
research  force  were  already  built  up.  As  a  genera  I  summary, 
in  the  field  of  laser  crystal  research  and  production,  China 
is  still  behind  the  United  States  and  Soviet  union  with  a  big 
distance,  but  Cnina  is  leading  ahead  of  other  nations  in 
some  aspects.  It  is  anticipated  that  in  the  next  10-1S 
years,  some  of  the  common  crystals  can  meet  the  needs  of 
China  and  also  can  be  exported.  We  will  produce  several  new 
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laser  crystals  with  good  properties  ana  good  values  for 
application.  It  is  possiole  that  some  special  equipment  and 
wnoie  packages  of  technology  will  be  transfered  to  otner 
countr i es . 

In  reviewing  the  progress  of  the  past  years,  we  should 
also  see  the  weakness  in  this  field. 

In  order  to  further  develop  the  laser  crystals  of  China, 
I  make  several  suggestions  as  follows. 

(1)  Further  carry  out  intensive  studies  of  crystal 
defects.  Combining  crystal  growth  technology  and  crystal 
properties,  attention  should  be  paid  to  solve  quality 
problems  of  the  common  crystals.  In  the  next  5  years,  the 
problems  related  to  crystal  growth  of  high  quality  large 
size  crystals  such  as  YAG,  ruby,  YLF,  CrrBeAl^C^, 

Nd:Cr:GSGG,  CR:GSGG,  should  be  solved.  Production  on  an 
industrial  scale  should  be  organized  in  specific  plants. 

(2)  Strengthen  the  basic  research  of  some  structural, 
ana  property  studies.  Investigate  new  type  excitation  ions 
an a  base  materials.  Exploit  new  mechanisms  of  transition  and 
functional  effects.  The  major  research  topics  in  the  next  10 
years  might  be  as  follows,  (a)  investigate  tunable  laser 
crystals  using  end-ononon  ana  other  transition  systems,  (b) 
Exploit  new  wavelengths  using  rare  earth  ions.  Exploit  high 
efficiency  new  wavelength  laser  crystals  by  applying 
sensitizers,  ant  1 -exc i tat i on,  cascade,  et  cetera,  (c) 


investigate  color  center  laser  crystals.  Improve  the 
ootainea  color  center  crystals  or  develop  new  crystals, 
make  intensive  investigation  of  tne  physical  ana  chemical 
processes  of  color  centers.  Solve  the  prob I em  of  heat 
stability;  and  make  real  applications  as  early  as 
possible,  (d)  investigate  mu  1 1 i -funct i ona I  laser  crystals, 
(e)  Investigate  new  laser  materials  of  condensed  materials. 

(3)  Pay  attention  to  the  basic  facility  development 
related  to  crystal  growth  and  related  technology.  There 
should  be  several  national  centers  of  crysta I  growth, 
optical  processing,  equipment  research,  characterization  of 
instrument  development.  In  order  to  change  the  backward 
situations,  several  sets  of  advanced  equipment,  instruments 
and  whole  items  should  be  inported. 

(4)  Strengthen  the  training  of  scientific  and  technical 
personnel.  It  is  suggested  that  crystal  majors  should  be 
established  in  several  universities.  More  graduated  students 
withcrystal  major  should  be  enrolled.  Send  more  students  and 
visiting  scholars  of  crystal  majors  abroad  to  receive 
advanced  training.  Encourage  academic  societies  to  organize 
in-position  training  programs. 

(5)  further  carry  out  the  policy  of  adjustment.  Solve 
tne  dispersive,  repetitive,  disorderly  situations  of 
research  and  production  from  the  viewpoint,  of  system 
organ i zat ion. 
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